Background and aims: An increased incidence of tuberculosis (TB) in patients under anti-TNF-α therapy has been reported, but outcome compared with TB in the general population are unknown. Methods: Patients who had active tuberculosis while taking anti-TNF-α drugs were studied and compared with a control group of community-acquired TB matched for sex, age and data of TB. Results: Twenty-five cases of TB were reported from a cohort of 765 patients under anti-TNF-α from 2001 to 2012. The incidence of TB per 100,000 patient-years was estimated to be 1337, 792 and 405 respectively for those on infliximab, adalimumab and etanercept. Twelve patients had inflammatory bowel disease, ten had rheumatologic diseases and three had psoriasis. From the 17 patients screened for latent TB before anti-TNF-α, three were treated with isoniazid. TB was diagnosed 1-108 months after starting anti-TNF-α, being the median time six, seven and 89 months respectively for those on infliximab, adalimumab and etanercept. Sixty per 
Introduction
Tumor necrosis factor alpha (TNF-α) is essential for granuloma formation and maintenance, and plays an important role in host defense against diseases caused by intracellular pathogens like Mycobacterium tuberculosis, Histoplasma capsulatum and Listeria monocytogenes. The increased clinical use of TNF-α antagonists dramatically improved the management of immunomediated diseases, but has led to a higher incidence of infections with intracellular agents. [1] [2] [3] [4] [5] [6] [7] [8] Keane et al. were the first to describe an increased incidence of tuberculosis (TB) in patients with rheumatoid arthritis (RA) treated with TNF-α blockers, 9 and a relatively large proportion of extra-pulmonary and disseminated forms has been diagnosed, despite the previous latent TB screening and treatment. 10, 11 There is no gold standard method to define latent TB, and its treatment before anti-TNF-α drugs institution may not be sufficient to protect from the disease. The clustering of TB reports, shortly after initiation of treatment with infliximab, is consistent with reactivation of latent infection, although in some cases, it occurs later and may represent new infections.
Portugal has an intermediate incidence of TB 12 (22 cases/ 100,000 habitants, data from 2009) when compared to the rest of Western Europe; therefore, in patients under anti-TNF-α, the risk of TB infection is expected to be higher.
We report 25 cases of active TB in adults under anti-TNF-α drugs diagnosed in our center. The aim was to determine the features and outcome of TB in patients under anti-TNF-α drugs and compare them to a control population in a retrospective 1:3 matched case-control study.
Materials and methods

Case groups
Medical files of adult patients taking anti-TNF-α agents (namely infliximab, adalimumab, etanercept and golimumab) between January 2001 and August 2012 were retrospectively reviewed, and those who developed active TB while on treatment with these drugs were selected. Data was collected from the Gastroenterology, Infectious Diseases, Rheumatology and Dermatology departments of Centro Hospitalar São João in Porto, Portugal. All patients had been vaccinated with BCG vaccine at birth. Diagnosis of latent TB was based on tuberculin skin test (TST), performed according to standard rules of Mantoux method, and postero-anterior chest X-ray. A positive TST was considered when reached 5 mm or more of induration. This cutoff is recommended by the National Rheumatology and Gastroenterology Societies. 13 The aim is to achieve a very high sensitivity, even with a decrease in the specificity, in patients frequently under other immune suppressive therapies, namely steroids.
Whenever possible, TST was repeated one to two weeks after the first one if it yielded a negative result, to evaluate the booster effect, and considered positive if 5 mm or more of induration. A positive TST or chest radiograph consistent with prior TB was an indication for chemoprophylaxis with isoniazid 300 mg/day for nine months and anti-TNF-α was started at least four weeks after beginning isoniazid.
Control group
In order to obtain a ratio of three controls for each case, a group of outpatients with a diagnosis of active TB and without other significant co-morbidities (namely inflammatory diseases or neoplastic conditions) or immunosuppressive treatment were randomly collected from the general population, matched for age, sex and year of TB diagnosis. They were treated in a National Health System outpatient clinic, responsible for the management of TB in our city. Clinical presentation, microbiological data, therapy and outcome of the two groups were compared.
Diagnosis and clinical characterization of TB
TB was diagnosed by clinical, radiologic and microbiological findings. Mycobacteriological procedures and drug susceptibility tests were made according to standards. 14 The demographic and clinical characteristics of the patients such as age, sex, contact with TB infected cases, history of past TB treatment, type of TB (pulmonary versus extra-pulmonary or disseminated forms when two or more extra-pulmonary organs were involved) were recorded. From the 25 patients on anti-TNF-α drugs, type and duration of primary disease and concomitant immunosuppressive treatment were reviewed.
Statistical analysis
Categorical variables were described as absolute (n) and relative frequencies (%), and median was used for continuous variables when they were not normally distributed. Continuous variables were analyzed with Student's t-test or MannWhitney nonparametric tests according to their distribution. When testing a hypothesis about categorical variables, a chisquare test or Fisher's exact test was used, as appropriate. The significance level used was 0.05. Statistical analysis e487 Analysis of tuberculosis in anti-TNF-α treated patients with a control group was performed using the software Statistical Package for the Social Sciences (SPSS) v. 20.0.
In order to calculate the incidence of TB for 100,000 patients (expressed in patient-years), we divided the number of patients under a drug who developed tuberculosis for the sum of months of all patients exposed to that drug, multiplying the final for 12 (to obtain the incidence per year) and 100,000.
Results
Case groups
From a population of 765 persons with inflammatory diseases under anti-TNF-α, twenty-five Caucasian patients were diagnosed with active TB: 12 with inflammatory bowel disease, 10 with rheumatologic conditions (six with RA and four with ankylosing spondylitis) and three with psoriasis (two of them with arthritis). Sixteen (64%) patients were on infliximab, six (24%) on adalimumab and three on etanercept. In this cohort, the incidence of TB was 1337 for patients treated with infliximab, 792 for patients treated with adalimumab and 405 per 100,000 patient-years for patients treated with etanercept. Seventeen (68%) of them were male and of the eight females, six had rheumatologic diseases (one had concomitant Crohn's disease). The mean age at TB diagnosis was 48 ± 14 years.
Sixteen (64%) patients were on combined immunosuppressive therapy. Seven patients were on azathioprine, four on methotrexate plus steroids, four on steroids and one on rituximab plus steroids.
Besides anti-TNF-α and the other immunosuppressive therapies, no other risk factors for TB were identified, namely active TB infection among relatives. Diagnosis of latent TB was elicited in 17 (68%) patients, and in six this diagnosis was made before national guidelines regarding latent TB screening on patients under anti-TNF-α. From those 17 patients tested for latent TB, 13 had negative tuberculin test (two of them boosted tuberculin) and negative pulmonary X-ray, nine of them on immunosuppressive therapy: seven on azathioprine and two under steroids in low doses (in one associated to methotrexate). One patient had a positive tuberculin test (10 mm induration) but a negative IGRA test, and latent TB treatment was also not done; disseminated TB developed 21 months after the beginning of IFX. In the remaining three patients, the Mantoux test was positive and they were prescribed isoniazid for nine months; in this group the diagnosis of active TB was made 8, 12 and 24 months after isoniazid treatment.
TB was diagnosed 1.5 to 108 months after starting anti-TNF-α drug (median 28 ± 34 months); for those on infliximab the median time was six months, for patients on adalimumab was seven months and for those on etanercept was 89 months. Pulmonary TB was diagnosed in ten (40%) patients and extrapulmonary TB in 15 (60%), being nine of them disseminated forms (Table 1) . Extra-pulmonary forms of TB were more common from 2001 to 2006, the first years of treatment: among these five cases of TB, all were extra-pulmonary forms, being four of them disseminated TB. When analyzed by age, gender, inflammatory disease and anti-TNF-α agents, no significant risk factors for extra-pulmonary TB were identifiable. Regarding clinical presentation (fever and other constitutional symptoms) and serum biomarkers no differences were found between pulmonary and extra-pulmonary forms.
TB diagnosis
Considering the case groups, TB diagnosis was supported by mycobacteriological or histological results in 23 (92%) patients; in 21 (84%) patients the microbiology workup was positive (Table 2 ). M. tuberculosis was isolated in 20 patients, at least in one sample. One of them had genetic resistance to rifampicin, not detected in in vitro sensibility tests; another respiratory sample had in vitro resistance to isoniazid and streptomycin. Ziehl-Neelsen was positive in 11 (44%) patients. Ten of the 11 histological exams were positive for TB: three at lymph nodes, three at bronchial biopsy, and one each at hepatic biopsy, pleura, sciatic nerve and synovial tissue from the wrist. One patient had epithelioid granulomas on sciatic nerve (histological exam) and another one had necrotizing granuloma on lung tissue.
Treatment (case groups)
All patients but two started therapy with four drugs (isoniazid, rifampicin, ethambutol and pyrazinamide); the remaining were kept on isoniazid, rifampicin and ethambutol. Four of the 23 patients on quadruple therapy were sequentially treated with aminoglycosides and levofloxacin: two due to hepatic toxicity to isoniazid and rifampicin, one due to detection of genetic resistance (though not detected on posterior in vitro susceptibility test) and one due to in vitro resistance to isoniazid. Otherwise, treatment was well tolerated on clinical and analytical follow-up.
Outcome
Direct and cultural exams became negative except for the patient with genetic resistance to rifampicin that still had positive smears seventy days after starting therapy and positive cultures for M. tuberculosis after the second month of therapy. Four patients are still on TB treatment, and the others were successfully treated from six to 24 months (the last case in a patient with cerebral tuberculoma).
During TB treatment and after becoming asymptomatic three patients developed symptoms of immune reconstitution inflammatory syndrome (IRIS): in one of them the same therapeutic schedule was maintained, with gradual improvement; in the other two steroids were prescribed (prednisolone 1 mg/kg/day) and resolution was reached on the 10th day; the third patient also became febrile and prostrated, one month after starting TB therapy but he gradually improved without other intervention.
Sequela was elicited in three patients: lung cavitated lesions persisted in two patients after therapy and the patient with sciatic nerve TB remains with motor disability of the left leg. Two died for non-related conditions, several years after TB diagnosis. Anti-TNF-α (adalimumab and infliximab) was resumed in four. In two patients with Crohn's disease infliximab was resumed after tuberculosis treatment with a follow-up of 5 and 12 months without intercurrences. One patient on etanercept resumed anti-TNF-α therapy five e488 C. Abreu et al. 
Comparison between patients and controls
Seventy-three outpatients from the general population with active TB and without other significant co-morbidities were selected for comparison (Table 2) . Patients on anti-TNF-α had more extra-pulmonary TB and no disseminated TB cases were reported among the control group. Fever was more common in immunosuppressed patients but the presence of other symptoms (constitutional syndrome) was identical in both groups. Concerning microbiological diagnosis, the rate of M. tuberculosis in culture and DNA was similar, but acid-fast bacilli were more identified in the control group.
Treatment approaches were similar, with most patients being treated with standard quadruple regimen. The mortality rate in controls was 3% (2/73). Two patients died of disease progression on the second month of therapy for pulmonary TB. Two secondary cases of pulmonary TB were identified in two close contacts of control patients with pulmonary TB.
Discussion
Herein, we report 25 active TB cases associated with anti-TNF-α drugs (infliximab, adalimumab and etanercept) in patients with autoimmune inflammatory diseases, namely inflammatory bowel disease, RA, ankylosing spondylitis from 2001 to 2012, followed at a Portuguese center. We stress a good clinical quality of our records because all patients on anti-TNF-α have been prospectively captured in a hospital database. The incidence of TB in this cohort of 765 patients was the highest of any other study published before. Juan et al. published in 2003 from a cohort of 5.198 rheumatological patients on anti-TNF-α therapy 17 cases of active TB, depicting a TB rate of 172 per 100,000 patient-years. 15 In this study, as has been published in the literature, the anti-TNF-α that is more frequently associated with TB was infliximab (64% of cases). This increased risk of TB after infliximab therapy was initially noticed in 2001, using postmarketing surveillance data from the FDA Adverse Events Reporting System (AERS). 16 For AERS, the median monthly reactivation rate of latent TB for infliximab was estimated to be twelve times that of etanercept (p b 0.001), probably due to a more and prolonged TNF-α block. Furthermore, TB was also reported at an earlier stage after infliximab than etanercept. 1 Two from the three patients with TB under etanercept had RA. Several studies showed a two to ten fold increase in TB risk among RA patients naive to anti-TNF-α drugs compared to the background population.
17-19 So, a higher incidence of tuberculosis among RA patients may contribute to these incidences, in patients under etanercept. Countries with intermediate and high incidences of TB must be aware of latent TB diagnosis and reinfection. Latent TB infection screening before anti-TNF-α drugs is considered essential given the risk for progression to active TB and increased susceptibility to more severe forms of TB. 20 There is no gold-standard test for latent TB infection. TST and the newer IGRA tests, QuantiFERON-TB ® Gold in Tube (QTF-G-IT), and T-SPOT ® TB have false negative and false positive results, especially in immunosuppressed patients. 21 For instance, one of our patients was QTF-G-IT negative and TST positive and developed clinical TB under anti-TNF-α. For a more accurate diagnosis of latent TB, an IGRA test plus boosted tuberculin is probably the best strategy. We can argue that all patients negative for one latent TB test, namely TST or IGRA test, should also be tested sequentially for the other, and only those with both tests negative, may be considered negative for latent TB. In addition, the intermediate incidence of TB in Portugal raises the possibility of new infections. Indeed, seven (28%) cases of TB in this cohort were diagnosed more than two years after beginning anti-TNF-α therapy: three of them had had a negative TB screening before starting anti-TNF-α, and two had had clinical TB treated five and ten years before. As treatment of latent TB infection has been shown to be effective in reducing the risk of developing active disease, 22 in our cohort three patients developed TB eight months, one and two years after isoniazid, stressing again the hypothesis that they may represent new TB infection.
The Portuguese national statistics reported a male/female ratio for TB of 1.9/1. 12 However, in our twelve patients with inflammatory bowel disease, only three were female with a male/female ratio of 4/1. TB was more common in patients under two or more immunosuppressors, namely steroids, thiopurines or methotrexate. 23 TB diagnosis was supported by microbacteriological or histological results in 92% of patients and in 90% of controls. In both populations M. tuberculosis culture was more frequently positive than smears, and acid-fast bacilli were best identified in the control group than in anti-TNF-α patients. One possible explanation may be the more frequent pulmonary TB, being sputum smears for mycobacteria more frequently positive and easier to perform. Whenever done, histological exams were positive in all patients but one, in the patient group. Two patients had concomitant Mycobacterium avium-intracellulare and Mycobacterium gordonae isolation, raising the possibility that non-TB mycobacteria may be prevalent in patients under anti-TNF-α drugs. 24 We found a higher incidence of extra-pulmonary disease (60%) in anti-TNF-α treated patients than in control group (28%) 2, 24 (national Portuguese TB data report a percentage of 33%). 12 Furthermore, three cases experienced symptoms suggestive of IRIS. The occurrence of IRIS in patients who developed TB during treatment with-TNF-α antagonists has previously been reported. 25 In all our cases, anti-TNF-α treatment was stopped when TB was diagnosed. Anti-TNF-α drug withdrawal may precipitate a paradoxal response in patients for whom therapy is discontinued after a TB diagnosis. 26 Clinical experience with adjunctive TNF-α blockade in TB is limited, 27 and prednisone can be effective, however the necessary dose and duration of treatment remain unclear. 28 TB in patients on anti-TNF-α therapy remains a huge concern in our country. The TB incidence in this cohort is so high that studies including more patients and for longer periods are needed. TB surveillance seems important during anti-TNF-α therapy because even with TB screening before anti-TNF-α institution and latent TB treatment whenever appropriate, active disease can occur, and it remains to be known if IGRA would improve latent TB diagnosis accuracy. Microbiologic and histological exams yield positive results in more than 90% of the cases and extra-pulmonary TB was more common than in the general population, although, the outcome was not worse. Despite of more severe forms of tuberculosis and much more frequent extra-pulmonary involvement when compared with the general population, no deaths were elicited. This is in contrast with the first report 26 ; however, they included patients between 1998 and 2001 29 , and nowadays we are particularly aware of tuberculosis risk in patients under anti-TNF-α.
